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Objectives. The purpose of this study was to determine whether
there are gender differences in the outcome of perculaneons
transluminaR coronary angioplasty performed for posamyocardial
infarction ischemia .
Background. Although women have a higher asor city rate
after myocardial infarction than that of men, they are less
frequently referred for coronary angioplasty (and coronary artery
bypass graft surgery) than are men, possibly because of ea ctn .
lions of a worse procedural outcome .
Methods. We analyzed the -morbidity and mortality at coronary
angioplasty and during a mean follow'np periudd of 34 .4 months
for women and 34.2 months for men 1505 consecutive patients
(1 64 women and 341 men) with postmyocardial infarction isch-
einia between 1981 and 1989 .
Results . Compared with men, women had similar procedural
success rates (89 .6% and 91 .2%, respectively), need for coronary
artery bypass surgery (3,7% and 2.6%) and mortality rates at
coronary angioplasty (0.6% and 0.9%) . During the follow-up
Recent studies (1,2) have demonstrated lower utilization of
revascularization procedures, including percutaneous trans-
lurninal coronary angioplasty and coronary artery bypass
graft surgery in women than in men, possibly because of
expectations of a worse procedural outcome and less symp-
tomatic improvement in women .
Recurrent ischemia after myocardial infarction is associ-
ated with a poor prognosis and causes symptoms requiring
revascularization (3-5) . Coronary angioplasty is performed
in this situation for the relief of symptoms . Seven studies
(6-12) have described outcome after coronary angioplasty
for postmyocardial infarction ischemia; however, even the
largest of these studies (10) (114 patients) included only 26
women and could not evaluate them as a separate group .
The objective of this study was to determine whether
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period, there were no significant gender differences in the require-
ment for coronary artery bypass surgery (3.6% and 4%), repeat
angioplasty (18 .7% and 17 .3%), reinfarctioa (5.8% and 6%) and
death (3.6% and 3.7%) or the combined end points of all four
events (26 .6% and 264%) . Women had significantly snore recur .
rent angina than did men (54% vs . 42.5%, p < 0 .01), even though
the extent of coronary artery disease and frequency of incomplete
revascularieation were shuilar in men and women.
Conclusions . The procedural outcome of coronary angioplasty
for postmyocardial infarction ischemia is similar in women mad
men, Long-term follow-up is also similar except that women
experience an increased incidence of recurrent angina, an out-
come also reported after bypass surgery . Therefore, concerns over
the safety of coronary angioplasty in women should not adversely
uence decisions concerning referral of women for coronary
angioplasty after my dial infarction complicated by ischeuda .
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there are gender differences in morbidity and mortality
during coronary angioplasty and in the follow-up period after
aneioplasty performed for postmyocardial infarction isch-
emia.
Methods
Patient selection . The study group consisted of 505 con-
secutive patients who underwent coronary angioplasty at the
Deaconess Hospital between January 1981 and June 1989 as
treatment for recurrent myocardial ischemia after acute
myocardial infarction . The patients included those initially
admitted to the Deaconess Hospital and those referred to
this hospital from other facilities .
The diagnosis of myocardial infarction was based on the
following criteria: 1) chest pain of >30 min duration charac-
teristic of myocardial ischemia ; 2) elevation of total creatine
kinase level to at least twice the upper limit of normal ; and
3) a positive creative kinase-MB band . Myocardial infarction
was classified as anterior or inferior Q wave myocardial
infarction on the basis of the presence of diagnostic Q waves
in at least two precordial leads (anterior) or all three inferior
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Myocardial infarction was classified as non-Q wave if elec-
trocardiographic (ECG) ST segment and T wave abnormal-
ities were observed without progression to pathologic Q
waves
. Serial ECGs were examined by two independent
electrocardiographers
. Recurrent ischemia was defined as
chest pain consistent with angina occurring at rest or with
minimal exertion >24 h after the myocardial infarction or a
positive exercise tolerance test before discharge or !53
months after discharge .
Coronary nrteriography .
Selection for coronary angio-
plasty was based on the presence of a ?70%
stenosis in the
infarct-related artery and
anatomy suitable for angioplasty
after visually reviewing an artery in two orthogonal views .
Patients with two- and three-vessel coronary artery disease
and poor left ventricular function were included in the study .
Patients with prior coronary artery bypass surgery, prior
coronary angioplasty, left main coronary artery disease or
cardiogenic shock were excluded .
Coronary angioplasty. Patients received aspirin (325 mg)
the night before coronary angioplasty . Coronary angioplasty
procedural success was defined as one in which, on visual
inspection, a >20% increase in lumen diameter was
achieved, with the final diameter stenosis <50% and without
the occurrence of death, acute myocardial infarction or the
need for emergency bypass operation . Peri-interventional
myocardial infarction was defined by new cardiac enzyme
elevation or new Q waves on the postangioplasty ECG .
Myocardial infarction, requirement for emergency bypass
operation and death were classified as procedural complica-
tions.
After dilation, femoral artery sheaths were left in place
and patients received intravenous heparin for 12 to 24 h and
aspirin. At the time of discharge, aspirin was continued
indefinitely in most patients .
Follow-up. Long-term follow-up for recurrent angina,
repeat angioplasty, coronary artery bypass grafting, recur-
rent myocardial infarction or death was accomplished
through a questionnaire completed by the patient (n = 347)
or through a telephone interview (n = 86) . Follow-up for
those patients who had died was obtained through a spouse,
offspring or the referring doctor. The primary objective of
this study was not to identify resterosis ; therefore, neither
repeat catheterization nor systematic treadmill testing was
employed. However, the number of subjects who developed
recurrent angina necessitating repeat angioplasty was deter-
mined.
Statistical analysis. Results are expressed as mean value
SE. Continuous variables were compared with two-tailed
unpaired t tests . Categoric variables were compared using
the Fisher exact test . Unconditional logistic regression
methods were used in multivariate analyses of procedural
outcome to control for age, location and type of infarction
and year of coronary angioplasty . Long-term event-free
survival for repeat angioplasty, coronary bypass grafting,
myocardial infarction and death as well as the composite
outcomes of myocardial infarction or death and angioplasty,
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Table 1.
Baseline Clinical Characteristics of 505 Men and Women
Undergoing Coronary Angioplasty for Postmyocardial
Infarction )schema
°p < 0.0005 . tp = 0.028 . $p < 0.005 . §Risk factor information obtained for
269 men and 128 women. MI = myocardial infarction.
coronary bypass grafting, myocardial infarction or death
were estimated with the Kaplan-Mer_er method . Gender
differences were tested with a log-rank statistic . Multivariate
analyses using a Cox proportional hazards model adjusted
for differences in age, location and type of myocardial
infarction were performed for each of these outcomes to
determine whether gender was significantly related to long-
term event-free survival. In each of these analyses, the
censoring date was considered to be the earliest date of the
event or the end of follow-up . A p value < 0 .05 was
considered statistically significant .
Results
Patient characteristics . The group of 505 patients in-
cluded 164 women and 341 men ; their clinical characteristics
are listed in Table 1 . The women were significantly older
than the men. There was no significant gender difference in
site of myocardial infarction ; however, significantly more
women than men had a non-Q myocardial infarction (53%
vs. 42%, respectively, p = 0 .028). Significantly more men
than women received thrombolytic therapy before the index
infarction .
Complete risk factor information was available for 79% of
the men and 78% of the women (Table 1). Women were
significantly less likely to be cigarette smokers than were
men. There were no significant gender differences in the
prevalence of hypertension, diabetes or a positive family
history of heart disease .
There were no gender differences in the extent of coro-
nary artery disease, number of vessels dilated or complete-
ness of revascularization (Table 2) .
Results of angioplasty. A total of 665 lesions were dilated .
Seventy-four multilesion dilations (two to four lesions) were
Men
Women
(n = 164)(n = 341)
No . % No .
Age (yr)
Mean a SD 56.7 ± 11 .2 62
.6 ± I I''
Range
28-82 26-82
Q wave MI 197 58 77t 47
Non-Q wave MI 144 42 87t 53
Anterior MI 162 48
89 54
Inferior MI
179 52 75 46
Thrombolytic therapy





Pack-years (mean *_ SD)
48 ± 31 48 ± 31
Hypertension




Family history 163 62 92
72
No differences between groups were significant .
performed in the same artery . In the anterior myocardial
infarction group, the left anterior descending artery (or
diagonal branch) was the infarct-related artery in all the
patients . In the group with inferior myocardial infarction, the
infarct-related artery was the right coronary artery in 87 .2%
of patients and the left circumflex artery in 12.8%; there
were no gender differences in distribution .
Procedural morbidity and mortality data are shown in
Table 3 . There were no significant differences between men
and women in the success of coronary angioplasty, require-
ment for coronary artery bypass surgery or occurrence of
myocardial infarction or death during coronary angioplasty .
Restriction of the study to persons without prior thrombo-
lytic therapy did not change the results . Logistic regression
analyses controlling for age and type and location of infarc-
tion revealed no significant
differences in
procedural out-
come between women and men .
There were no significant gender differences in outcome
of coronary angioplasty in a subgroup analysis of patients
with Q wave and non-Q wave myocardial infarction and
anterior and inferior myocardial infarction (data not shown) .
Acute outcome was not dependent on the interval between
angioplasty and the index infarction (data not shown) .
Long-term follow-up. Long-term follow-up data at a
mean of 34.4 months for women and 34.2 months for men
Table 3. Procedural Results in 505 Men and Women With




(n = 341) (n = 164)
No differences between groups were significant . CABG = coronary artery




440 (961/c) of 458 patients in whom coronary
angioplasty was successful . There were no significant gender
differences in the number of patients experiencing any one of
the following: requirement for repeat coronary angioplasty,
coronary artery bypass f,urgery, reinfarction or death during
the follow-up period (Table 4) using univariate or multivari-
ate Cox proportional hazards analyses . The 5-year Kaplan-
Meier actuarial event-free survival curves for the composite
end points of myocardial infarction or death and repeat
angioplasty, coronary bypass grafting, myocardial infarction
or death is shown in Figure 1 . There was no significant
gender difference for these composite end points using the
log-rank statistic or the multivariate Cox proportional haz-
ards model. For the composite end points of repeat angio-
plasty, coronary bypass grafting, reinfarction or death, the
power to detect a 100% increase in the event rate was 0 .99 .
Recurrent angina occurred significantly more often in
women (54%) than in men (42 .5%) (p < 0.01) (Table 4),
despite a similar percent distribution of one-, two- or three-
vessel disease and a similar percent with incomplete revas-
cularization by angioplasty (Table 2) . Logistic regression
analyses controlling for age and type and location of infarc-
tion revealed an odds ratio for recurrent angina of 1 .70 (95%
confidence interval 1 .11 to 2 .60) in women compared with
men .
Discussion
This study demonstrates that coronary angioplasty for
postinfarction ischemiaa has the same procedural morbidity
and mortality rates for women as for
men and the same
long-term outcome, with the exception that women are more
likely to experience recurrent angina than men . These find-
ings are important because this is the first study to report on
gender differences in outcome after coronary angioplasty for
postmyocardial infarction ischemia.
These results are also important because conflicting find-
ings in prior studies of gender differences during coronary
No. % No . 86
Success 311 91 .2 147 89 .6
CABG 9 2.6
3 .7
MI 8 2.3 3 .0
Death 3 0.9 0 .6
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Table 2. Angiographic Characteristics 'Table 4. Long-Term Follow-Up for 440 Men and Women with
Men Women
Successful Coronary Angi oplasty of the Infarct-Related Ar t ery
No. % No . %
Men Women
to = 301) do = 1391
Patent infarct-related artery 274 80 .4 137 33 .5
No . 17C No . 7c
I-vessel disease 223 65 .4 103 62 .8
2-vessel disease 89 201 46 28 .0 Mean follow-up tmol 34 .4 34 .2
3-vessel disease 29 8 .5 15 9 .2 Repeat PTCA 52 17 .3 26 18 .7
Nm of vessels dilated CABG 12 4 .0 5 3 .6
I vessel 286 84 .0 137 33 .5 Reinfarctioi Is 6.0 8 5 .8
2 vessels 51 15 .0 26 16 .0 Death II 3 .7 5 3 .6
3 vessels 4 1 .0 1 0 .5 No . of patients with at 80 26.6 37 26.6
Incomplete revascularization
Two-vessel disease 48 53 .9 24 52 .2
least one of the above
Recurrent angina 128 42 .5 75* 54 .0
Three-vessel disease 25 86 .2 14 93 .3
*p < 0 .01 . CABG = coronary artery bypass grafting -, PTCA = percuta-
% incomplete revascularization 73 21 .4 38 23 .3
neous iranslurninal coronary angioplasty .
(of total no . of patients)
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Figure 1. The 5-year Kaplan-Meier actuarial event-free survival
curves for 139 women and 301 men after successful percutaneous
transluminal coronary angioplasty (PTCA) for postmyocardial in-
farction ischemia
. Upper panel shows freedom from myocardial
infarction (MI) and death
. Lower pand shows freedom from repeat
angioplasty, coronary artery bypass grafting (CABG), myocardial
infarction and death . Men are indicated by solid lines . Women are
indicated by dashed lines .
angioplasty for all indications may have influenced the
referral of women for coronary angioplasty . Recently, it has
been shown (1,2) that there is a lower utilization of revascu-
larization procedures, including coronary angioplasty and
coronary artery bypass surgery, for women than for men .
One potential reason for this difference is that the proce-
dures are perceived as more risky or less effective for
women .
Several studies (13-19) have examined gender differences
in procedural morbidity and mortality rates during coronary
angioplasty for a range of conditions. Four of these studies
(13-17) found significant gender differences . In the first
National Heart, Lung, and Blood Institute Coronary Angio-
plasty Registry Study (13) (1977 to 1981), the angiographic
success rate was significantly less in women than in men .
The angioplasty-related mortality rate was six times higher
in women (13) because of a fivefold higher mortality rate for
women than for men at emergency coronary artery bypass
surgery (13)
. In the second National Heart, Lung, and Blood
Institute Registry (14,15), which comprised procedures per-
formed in 1985, the overall in-hospital mortality rate after
angioplasty was higher in women than in men. Kahn et al .
(16) also observed a higher unadjusted hospital mortality rate
in women for the period from 1980 to 1990
; however, after
adjustment for the older age of women, the hospital mortal-
ity rate was no longer significantly different between women
and men. Piovaccari et al . (17) observed a higher rate for
emergency coronary artery bypass surgery in women . Two
studies (18,19) found no significant difference in the proce-
dural success rate between men and women . These studies
(13-19) examined women undergoing angioplasty for all
reasons and did not differentiate among women with stable
angina, unstable angina and postinfarction ischemia .
In the present study, which was restricted to patients
treated with angioplasty for postmyocardial infarction isch-
emia, there were no differences in success rate, coronary
bypass surgery, reinfarction or death at coronary angio-
plasty between men and women . These results are important
because they indicate that coronary angioplasty can be
performed as safely in women as in men ; therefore, concerns
over the safety of coronary angioplasty in women in this high
risk group should not adversely influence decisions concern-
ing referral of women for angioplasty after myocardial in-
farction complicated by ischemia.
Long-term follow-up data in the present study indicate
that women have significantly more recurrent angina than do
men, even though the incidence of one-, two- and three-
vessel disease and the proportion of patients with incomplete
revascularization by angioplasty were the same in mop. and
in women. Women were 6 years older than the men on
average, but the increase in recurrent aeVna remained
significant after adjustment for this baseline d erence.
There was no gender difference in the number of subjects
who required repeat angioplasty for recurrent angina. This
finding suggests that increased restenosis in women was not
the cause of the increased postangioplasty angina ; however,
we cannot exclude this possibility . Of the two studies that
examined possible gender differences in recurrent angina
during long-term follow-up after coronary angioplasty, one
(18) found no gender difference, whereas the second (19)
observed that women had more residual angina than did
men. These two studies (18,19) did not differentiate among
patients undergoing angioplasty for stable angina, unstable
angina or postinfarction ischemia . An increase in recurrent
angina for women compared with men has also been re-
ported (20-22) after coronary artery bypass surgery . The
increase has been attributed to the smaller vessel caliber in
women. This could be the case in our study .
The long-term follow-up results in our study reveal that
women with postmyocardial infarction ischemia treated with
coronary angioplasty have similar unadjusted rates for re-
peat angioplasty, coronary bypass surgery, reinfarction and
death as do men at 34 months of follow-up, even though the
women were on average 6 years older than the men . The
absence of gender differences in mortality in long-term
follow-up after myocardial infarction in our study is impor-
tant because several studies (23-27) have demonstrated that
the unadjusted mortality rate after myocardial infarction is
higher in women than in men . Although our findings of no
gender difference in mortality could be a result of patient
JACC Vol. 23, No . I
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selection for angioplasty, it is possible that a portion of the
higher total mortality rate observed for women compared
with men after myocardial infarction in natural history
studies could be reduced by higher rates of revascularization
in women.
Overall, the crude operative mortality rate for women at
coronary artery bypass surgery has been about twice that in
men (28-30). This difference has been thought to be related
to the older age, smaller size of coronary arteries and greater
prevalence of diabetes and hypertension in women . In the
study of Khan et al . (30), women referred for coronary
bypass surgery were older than men and more likely to have
unstable or postmyocardial infarction angina, congestive
heart failure or class IV symptoms . The operative mortality
rate was 4.6% for worrten compared with 1 .9% for men .
These investigators suggested that referral later in the course
of disease may account for the excess operative mortality in
women.
The results of the present study suggest that when men
and women are referred for coronary angioplasty at the same
time point in the course of their disease (postmyocardial
infarction ischemia), the women, even though 6 years older
on average than the men, do equally as well as men.
Therefore, concerns over the safety of coronary angioplasty
in women should not adversely influence decisions concern-
ing referral of women for coronary angioplasty after myo-
cardial infarction complicated by ischemia .
We are grateful for the assistance of Debra Halpin and Richard Mulry in the
preparation of the manuscript . We also thank Mark Roberts, MD for the
statistical analyses .
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